Previous work' has shown that epidemic diarrhea of infant mice (EDIM) is a virus-induced disease that can spread in mouse colonies by the airborne route. This fact made it imperative, under the ordinary conditions of animal care available at that time, to limit the incubation period of experimentally induced diarrhea to three days, since animals becoming ill after that time might have acquired the disease by cross contamination rather than from the inoculum. Thus the sensitivity of titrations, detection of virus, and neutralization tests was thought to be low, because it was not known if the incubation period following small inocula might not be longer than three days. This report will describe measures that allow control of airborne spread to the extent that incubation periods of seven or more days are routinely feasible. In addition, a few preliminary data pertinent to an understanding of this diarrhea will be presented.
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EXPERIMENTAL
Establishment of a diarrhea-free colony of CFW mice. Because the diarrhea-free colony of mice that had been established for the experiments described previously' had to be abandoned, a new attempt was made to repeat this experience before the institution of the control measures described below.
Virgin male and female mice (CFW) five to six weeks old were obtained from Carworth Farms in September 1957. They were held until they were seven to eight weeks old and were then bred in regular open cages. The progeny were observed daily for external signs of spontaneous diarrhea, and in due course a few members of one litter were found to be diarrheal on the eighth day of life. The origin of the diarrhea was not immediately apparent. However, certain differences existed between the previous successful trial and the latter. First, in the former attempt the virgin animals they do in ordinary cages where they are more exposed to the outside world.
It is imperative, however, that the Fiberglas-mesh area be as large as possible (in the cages described, about 100 sq. in.) and that it form the sides of the cage rather than just the top, for example, of an animal jar. The latter arrangement was tried, using a single female and litter per jar, but there was apparently insufficient exchange between the inner and outer air, for after a few hours in such jars, the mice became agitated, did not nurse their young, and indulged in cannibalism.
The hood is depicted in Figure 3 . It is made of Cheminert plastic and consists of an entry lock, hood proper, and exit lock. There are ultraviolet lights in both the hood proper and the exit lock. The latter is painted blaclk. Two ports receive sleeves and gloves. At first neoprene sleeves and gloves were used, but they proved to be too clumsy. Therefore, surgical gloves were cemented to veterinary obstetrical sleeves and attached to the ports. These have been quite satisfactory.
Air enters the side of the hood proper through a Fiberglas filter and leaves by way of a permanent exhaust filter. The hood proper is always under negative pressure when in use. The reasons for this will be discussed below. The front panel of the hood proper is removable and, when the hood is in use, is sealed by means of a gasket of polyethylene tubing into which air is pumped to a pressure of 10 lbs./ sq. in.
Bedding, feed, and water. Cedar shavings were used throughout. Unsterilized tap water was given. Pathogen-free mouse and rat biscuits (Dietrich & Gambrill, Frederick, Maryland) supplemented with sunflower seeds, whole oats, and whole wheat were fed. No attempt was made to sterilize or pasteurize the grain, water, or bedding. Feed and shavings were kept in closed tins or covered pails, and only small lots of feed were stored at one time.
Breeding. Animals were bred in regular open cages in a room apart from the one in which the filter-caged animals were housed. Siblings were never mated. No more than four females were bred by one male. When the female was seen to be pregnant, she was placed alone in a filter cage regardless of the use to which her litter was to be put. Once animals were in filter cages, they were cared for only in the hood (see below). The young were born in the filter cage usually about one week after the pregnant female had been placed therein, and, if they were to be used as controls and breeders, the animals remained in that cage until the litter was 12 days old. At that time litter and dam were placed in a regular open cage, and the young eventually weaned and sexed. Breeding began when the animals were six weeks of age, and their first litters were produced when the females were 9-11 weeks old. Thus, until they were 12 days old, mice that were to become breeders were not exposed to the common air of the animal room.
Results of the breeding program. From January to September 1958, 328 litters were born and handled in the manner just described. Of these, 179 have been fed various materials to test for the presence of EDIM virus, 140 were used as controls and for breeding, and 9 were discarded for a variety of reasons (cannibalism, death of parturient female, etc.). In none of the 140 litters used as controls was external evidence of diarrhea seen at any time. A few members of some of these litters were autopsied at various times, and in none of them was there internal evidence of diarrhea.
Extensive records were kept on 62 control litters to ascertain the numbers of mice still alive and well at 18 days of age. Such records were not available for all litters, since, in many cases, only as many males were saved as were needed to carry on the breeding program. The total number of infants in the 62 litters was 541, and the number alive at 18 days of age was 526 (97 per cent). The average litter size of primiparae was 8.5. Thirteen of the 62 families were re-bred. The average size of their first litters was nine, and the average size of their second litters was 11.5 infants.
Handling of animals in filter cages and transfer hood. Negative pressure in the hood proper was desirable for the following reasons. The assumption had to be made that EDIM virus was not present in the common air of the animal room in which the hood was housed, for all diarrheal animals were confined to filter cages. Since animals in filter cages were handled only in the hood, it was important that dust raised when any filter cage was opened should be immediately filtered and exhausted so that it would not contaminate the next cage of mice examined. Whether this is accomplished by positive or negative pressure is immaterial, but, if positive pressure were to be used in this instance, then contaminated air would be forced into the entry and exit locks when their inner doors were opened, and this contaminated air under positive pressure would then enter the room air when the outer doors of the locks were opened. Ultraviolet light alone could not be depended upon to de-contaminate outgoing air.
Mice were inspected each day before the examiners had handled other animals or virus preparations. The cages entered the hood via the entry lock one at a time (Fig. 3) individual food containers (3 oz. Dixie cups) that were passed into the hood. If water was needed, a freshly filled bottle was exchanged for the old; fresh water was never added to the old bottle. If the cage required changing, a clean one was passed into the hood, animals were transferred with forceps, and both cages were closed and placed in the exit lock in which the ultraviolet light was always on when the hood was being used. All materials leaving the hood remained in the exit lock for about one minute before they were removed; dirty cages and used water bottles were placed immediately into containers for sterilization. After passing through flowing steam for 45 minutes, the filter material was removed from the cages, the latter cleaned, washed, and dried, and new filter material tied around. Water bottles were thoroughly scrubbed before further use.
After use the hood proper was swabbed with alcohol, and, with the ultraviolet light on and exhaust fan still operating, was allowed to stand for at least 30 minutes.
When animals were to be fed or inoculated with virus, it was done after the examination of all other filter-caged animals and after the hood had had its preliminary cleaning; usually there was a period of at least three hours between the examination of animals and the infecting of new ones.
Method of feeding virus; diagnosis of diarrhea. These were the same as reported previously3 except that the mice were fed in the transfer hood. After each litter was fed, the gloved hands were thoroughly swabbed with 95 per cent ethanol as was the floor of the hood proper. For autopsy, mice were taken to another room. The dams of litters that were autopsied were destroyed whether or not their young were diarrheal at autopsy.
Efficacy of the control measures.
In an attempt to demonstrate the practicability of the control method just described, 24 litters of mice five to eight days old were employed. Seven litters were fed 104 ID 50 of EDIM virus in the form of an intestinal (intestines and contents) filtrate. (The dosage was determined by subsequent titration of a previously frozen (-70°C.) aliquot of the filtrate). Seven litters were exposed in the hood; i.e., after each of the "fed" litters was given virus, another litter was passed into the hood, the cage opened, and the animals handled in identical fashion except that no virus was fed. Ten litters remained as uninoculated, unexposed controls. None of the animals showed external evidence of diarrhea at the start of the experiment. When the cages were placed on the rack, those containing litters that had been fed virus were purposely put in close proximity to the control and exposed litters (Fig. 4 ).
Mice were examined daily in the hood. At various times after feeding, mice of all groups were autopsied for internal evidence of diarrhea. The 125 results are seen in Table 1 . Diarrhea, on either external or internal examination, began on the third day after the start of the experiment and was confined in all cases only to those mice that had been fed the agent (F, in Table 1 ). None of the exposed (P) or control (C) groups manifested either external or autopsy evidence of diarrhea. Data for litter No. 1 in Table 1 re-emphasize what had been noted previously,. viz. that autopsy is essential to establish a firm diagnosis of diarrhea, in other words, that lack of external soiling does not necessarily signify absence of the disease.
Because the diarrhea in this experiment was severe with external soiling, particularly in the younger animals, and because there was ample time (cf. Table 4 and accompanying text) for the exposed and control animals to contract the disease by cross contamination, it appeared reasonable to assume that future positive findings would be the result of virus-containing inoculum only.
Comparison of allowable incubation periods (three and seven to ten days). On the basis of the results just described, a considerable increase in incubation period over the three days previously used`could be allowed. It was expected that this might enhance the sensitivity of viral detection. For convenience of feeding mice, three-day-old animals were used, because it is easier to instill material into their mouths than it is in younger animals. A maximum period of seven days was given, for after the mice are ten days old, the colonic contents of normal mice began to change color and consistency making borderline cases of diarrhea difficult to assess at autopsy. With this scheme a single intestinal filtrate was titrated and the final titer determined at autopsy three and seven days after feeding.
With the size of breeding colony available, there were not enough litters to perform a complete titration on a single day. Therefore filtrates and suspensions to be tested or titrated were frozen at -70°C. in small amounts in sealed ampules. The required dilution(s) was then made from one of these aliquots the day it was to be fed. Once thawed, the aliquots were not re-used for titration data.
The results are given in Table 2 . It is clear that the longer incubation period permits detection of 100 to 1000 times less virus than the threeday period. Other comparisons have also indicated increased sensitivity of the seven-day period (see Table 4 ).
The data in Table 2 do not, of course, demonstrate that an incubation period longer than seven days might not result in even greater sensitivity. Therefore, a single suspension of infant mouse liver containing about 103_5 ID50 per oral dose for three-day-old mice with a seven-day incubation period was re-titrated at 10-3 and 1i4 dilutions in mice 0 -3 days of age. Z' 1111111111I 4j ¢ (n All litters were autopsied when they were 10 days old, thus giving incubation periods of 7-10 days.
The results are presented in Table 3 . It is evident that there is no advantage in using younger mice together with a longer incubation period; for, despite the fact that only one litter was used for two of the 10 3 determinations, the titer of the material tested is essentially the same in all groups of animals.
It must be noted, however, that the single litter that became diarrheal after feeding on the day of birth (0 days old) was the most miserable, stunted, decrepit litter of all those reported in this paper. It is conceivable that mice infected at birth are the most severely affected by this disease in colonies where it is endemic.
Several assumptions, which appear reasonable at present, are made in evaluating the titration studies: first, that the mice used are uniformly susceptible (barring the usual biological variation); second, that once diarrhea has begun in infants it does not cease until the 14th-16th day of life'; and, third, that no EDIM virus is present in the breeding animals. Since the entire litter must be considered the experimental unit, it is perhaps best to think of the amount of inoculum per litter rather than per mouse. Calculations indicate that each mouse consumes about 0.008 ml. of inoculum; however, feeding India ink (see below) showed that the inoculum was not only in the infants but was also on them and on their dam.
Thus, the precise amount that is first swallowed by the mice is not known,
128
Volume 31, December 1958 Epidemic diarrhea in infant miceI KRAFT but it is considered to average 0.05 ml. per litter. Therefore ID50's are calculated for 1 ml. by multiplying the ID50/litter inoculum by 20. Titration data at present are probably more accurate than + 1.0 log and perhaps as accurate as ± 0.5 log, but a statistical analysis has not yet been made.
At, or near, the end point of a titration, where an entire litter may not be diarrheal at autopsy, calculations based on number of mice rather than on number of litters have not affected the titer or have increased or decreased it at most 0.5 log. This difference is not considered significant at 1/1 (9/9)* The subcutaneous and intraperitoneal routes have not been used routinely in infant mice, since, in animals of this size, some of the inoculum has a tendency to leak back through the needle track and may therefore find its way to the oral cavity; at least, oral intake of some exuded inoculum cannot be ruled out. It appears that infant mice can be infected by the above routes, although they seem to be less sensitive than the oral. It is possible that the subcutaneous and intraperitoneal routes are indeed highly insensitive, and that mice thus inoculated become diarrheal only after some of the exuded inoculum reaches the oral cavity. This matter has not been investigated further.
Results of EDIM virus detection using the control measures. Although the numbers of litters available for testing were limited, some preliminary and as yet incomplete information, in addition to that regarding control of cross-contamination, has been gathered. The data are presented at this time to demonstrate the kind of information that can be obtained using the control measures and to indicate the futility of controlling epidemic diarrhea of infant mice by destroying only diarrheal young.
Fate of ingested EDIM virus in infant mice. Two litters of three-dayold mice were each fed 104 ID50 of EDIM virus in the form of intestinal filtrate. At various times thereafter (3, 22, 30, 72 hours, and 6 days) two or more mice from each litter were sacrificed. Blood was taken by cardiac puncture after swabbing the skin thoroughly with a staturated solution of iodine in 95 per cent ethanol followed by 95 per cent ethanol rinse. It was defibrinated by shaking in a test tube that contained a small amount of sterile alundum; 0.1-0.2 ml. were obtained from each animal. Organs were removed thereafter as carefully as possible in order to avoid contamination of one by the other. Each type of harvested material was pooled and frozen at -20°C. until used. Organs (except the alimentary tract) were prepared as 10 per cent suspensions in broth. Coarse particles were removed by slow centrifugation. The alimentary tract and contents were similarly prepared except that Seitz filtrates of the separate portions were made. Each material was fed to one or, in most cases, two litters. The results are seen in Table 4 .
On the assumption that no case of diarrhea was the result of cross-contamination, Table 4 shows that three hours after a large amount of virus was fed, it could be recovered from the stomach, small intestine, and large intestine. To test the validity of this apparently rapid transport through the alimentary tract, a litter of eight three-day-old animals was fed India ink in the same amount as the viral inoculum. At the end of three hours the mice were sacrificed. In all of the eight animals most of the ink was found in the colon three -eight mm. from the anus. Small amounts were also seen in the cecum and terminal portion of the ileum, but none was grossly visible in the jejunum, duodenum, or stomach. At the same time (three hours) virus was not demonstrable in the blood or other organs tested. It is noteworthy that the negative findings in the lungs at this time indicate that the inoculum was probably not aspirated. Twenty-two hours after feeding, virus was found in blood and in all of the organs tested except brain, kidney, and bladder and urine. At 30 hours the kidneys became positive, and small amounts could be detected in brain and bladder and urine as well. In view of the viremia (103-3 ID5o/ml.), it would be surprising if this were not so at this time.
Despite the widespread distribution of EDIM virus in the mice, diarrhea, as evidenced by external signs, did not begin until about the 40th hour after feeding. Mice autopsied at 30 hours showed no internal indication of diarrhea. Virus was still present six days after feeding in blood, liver, and intestines. Other organs were not tested at that time.
In comparing the three-day with the seven-day incubation period for testing the presence of virus, the data, especially for stomach and small and large intestine at 3 hours and spleen and liver at 22 hours, corroborate the finding that the longer incubation period lends more sensitivity to virus detection.
Fate of ingested virus in previously nondiarrheal nursing females. It was previously stated5 that one of the difficulties in diagnosing diarrhea on the basis of external soiling of infant mice rests in the fact that the nursing female is generally compulsive about cleaning her young. She must, therefore, ingest enormous amounts of virus during the course of the infection in her litter.
In order to ascertain the fate of such ingested virus, materials were taken from a few groups of females at the time when their diarrheal litters were sacrificed. The organs and blood were handled in the same way as those of their infants. Fecal pellets were prepared as a 10 per cent suspension in broth and the suspension filtered after preliminary slow centrifugation. The results are seen in Table 4 . It is evident that the previously uninfected dam is capable of eliminating rather large amounts of virus in her feces (groups B and C) at least while she is with her diarrheal litter. In addition, her liver, spleen, and blood can also harbor 132 Volume 31, December 1958 Epidemic diarrhea in infant mice KRAFT virus, indicating that she undergoes a generalized infection similar to that in her infants; but she appears to remain well while it is in progress.
DISCUSSION
It is noteworthy that repetition of the original attempt to establish a diarrhea-free colony of mice did not meet with success, but that a third trial using a small nucleus of mice derived from those used in the second attempt did result in an apparently diarrhea-free colony. The source of the infection that caused the second failure is unknown. It might have come from the mice themselves, since the animals were obtained from a diarrheal colony and might thus have been carriers. On the other hand, their carrier state is not known and it is quite as conceivable that infection was introduced from some other source. It is not known whether the spontaneous diarrhea that did occur was identical with the one now under study, nor is it known why the disease has not occurred in the progeny of that small nucleus of animals that began the present colony.
In feeding, handling, and caring for filter-caged animals in the transfer hood, the decision was made to use the simplest possible procedure that might insure confinement of EDIM virus to the cage and litter into which it was introduced. It is possible that the measures adopted are more complicated than necessary for this control; however, the use of a more relaxed technique for experimental purposes is not contemplated. How Although the data cited above indicate that the measures instituted for control of diarrhea seem to have been successful, the critical experiment is lacking, viz., the continued rapid blind passage of intestinal filtrate from normal control animals to new mice. This procedure was considered, but it was decided that spontaneous diarrhea would not be prevented by this 133 means and that, at any rate, the breeding program as it was conducted would eventually allow the expression of such a "break." In addition, continued blind passage might even prove to be a waste of valuable animals. For the present, therefore, it is not unreasonable to assume that if diarrhea occurs in a litter of mice after feeding materials to test for the presence of virus, the disease is due to the fact that the inoculum contains virus and not because cross-contamination from neighboring diarrheal animals has occurred. Should diarrhea be found in control and breeding animals in the future, it will probably be because of the method of handling. The bacteriological transfer hood is not, of course, foolproof, for it is possible that after a diarrheal family passes through it followed by a normal litter, the normal one may receive enough airborne inoculum to cause infection. Actually, the probability of this occurring is quite remote since dust particles are immediately exhausted from the hood proper, and although room air does find its way into the entry lock when a cage is placed therein, that air too is immediately exhausted from the hood proper when the inner door of the entry lock is opened and before the cage is opened. Another possible cause for future failure rests in the results presented in Table 5 , i.e., that adults that were nondiarrheal in infancy are perfectly capable of becoming infected with EDIM virus and eliminating it in their feces without themselves appearing ill in any way. Thus in the breeding cages, which are ordinary open mouse boxes, the adult animals may contract the infection if the agent is found in the milieu. This is not the only recorded instance in which dams can become infected from their sucklings, for Fellowes and It is not satisfactory that an entire litter of mice must be considered an experimental unit, nor that at present it is impossible to use more than two such units per dilution of a titration, for this makes end-points fairly inaccurate and diffuse. Allowing incubation periods longer than seven days does not appreciably increase the sensitivity of virus detection, but 134 Volume 31, December 1958 Epidemic diarrhea in infant mice KRAFT increasing the number of litters used for each determination would probably increase the accuracy of titration end-points. In this regard, it would be more than desirable to be able to use each infant mouse as a unit, but to put such a scheme into operation would be prohibitively costly and might 
